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A B S T R A C T
Purpose of the study: Falls are frequent in LTC, with considerable health consequences. This study
explores the relationship between malnutrition, activity, and falls in Dutch LTC residents and the
inﬂuence of nutritional intervention on this relationship.
Design and methods: A secondary data analysis of a cross-sectional, multi-center point prevalence and
incidence measurement. Setting: 81 LTC settings in The Netherlands. Participants: 6.701 LTC residents
aged 65 and older; mean age 84; 70% female. Prevalence measurements of nutritional status and activity,
and a 30 days incidence measurement of falls.
Results: Of all participating residents, 9.8% sustained at least one fall, and 22.8% was malnourished.
Malnourished residents were more often a faller (odd ratio (OR) 1.78; p < 0.01) and inactive (OR 1.7,
p < 0.01) than non-malnourished residents. Multivariate analysis conﬁrmed the relation between
malnutrition and fallers, without interference of activity. In the malnourished group with nutritional
intervention, the percentage of fallers was lower than in the malnourished group without nutritional
intervention (OR 0.738; p = 0.056).
Implications: Malnutrition is associated with an increased risk of being a faller and with impaired
activity in Dutch LTC residents. Malnourished residents who receive nutritional intervention have a
lower risk of being a faller.
 2012 Elsevier Ireland Ltd. 
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Open access under the Elsevier OA license. 1. Introduction
Falls are a major threat to the health of elderly. Approximately
one in three community dwelling elderly over 65 years, and even
one in two over 85 years experience at least one fall every year
(Cameron et al., 2010; CBO, 2004; Neyens, 2007; Tinetti, 2003). In
institutionalized elderly, the incidence rates of falls are even
higher: 1.5–2 falls per bed annually (Dijcks et al., 2005). One out of
ten falls results in a serious injury (CBO, 2004; Dijcks et al., 2005;
Neyens, 2007; Rubenstein, Josephson, & Robbins, 1994). The
consequences of falls are therefore considerable. Besides a physical* Corresponding author at: Maastricht University, CAPHRI School for Public
Health and Primary Care, Department of Health Services Research, P.O. Box 616,
6200 MD Maastricht, The Netherlands. Tel.: +31 43 388 12 79;
fax: +31 43 388 41 62.
E-mail address: j.neyens@maastrichtuniversity.nl (J. Neyens).
1 Tel.: +31 43 388 15 72; fax: +31 43 388 41 62.
0167-4943  2012 Elsevier Ireland Ltd. 
http://dx.doi.org/10.1016/j.archger.2012.08.005
Open access under the Elsevier OA license. and economical impact, such as fractures and health care costs,
falls also have a psychological impact, for example by increasing
the fear of falling (Zijlstra, 2008). Few falls have a single cause; the
majority occurs by interactions between long-term predisposing
factors, mainly intrinsic risk factors, and short-term factors, mainly
extrinsic risk factors (Nevitt, Cummings, & Hudes, 1991).
Therefore, all strategies that can help to reduce the risk of falling
are important.
With aging, major risk factors for falls are related to physical
activity and muscle strength impairment. Muscle weakness and
gait and balance deﬁcits increase the risk of falling about 3- to 4-
fold (AGS, BGS, & American Academy of Orthopedic Surgeons Panel
on Falls Prevention, 2001). The underlying decline in muscle mass
and muscle function that occurs with aging is also known as
sarcopenia (Boirie, 2009). This condition has a multi-factorial
etiology in which senescent changes in neuromuscular tissue
(Tomonaga, 1977), chronic diseases and medications (Tinetti,
2003), atrophy of disuse (Bortz, 2009), an imbalance in protein
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(Jeejeebhoy, 1994; Kinney, 2004) play a role. Several nutrients
and nutritional indicators have been associated with impaired
muscle mass and function, e.g. protein under nutrition, protein-
energy malnutrition, and low dietary intake of vitamins and
minerals (Brown, 1995; Coleman, Welch, & McMahon, 2000).
Inadequate nutritional intake is common in elderly and indicative
of the anorexia of aging. Swallowing disorders, bad oral health, lack
of taste and smell, eating dependency and chewing problems are
often part of the multi-morbidity, especially in frail and disabled
elderly in residential LTC. The prevalence of malnutrition in these
care facilities is about 25% (Halfens, Meijers, Neyens, & Offermans,
2008; Meijers, 2009). Yet, malnutrition is often unrecognized
despite being associated with (a) an increased chance of
institutionalization, i.c. admission to hospital or nursing home,
(b) reduced quality of life, and (c) increased mortality (Meijers,
2009).
While literature suggests that malnutrition and falls in frail
elderly are related (Vellas et al., 1990; Vellas, Baumgartner, &
Wayne, 1992), and a relation via loss of muscle mass seems
realistic, there are only a few empirical studies that investigated
the relationship between fall incidents and nutritional status in
this population. Daniels (2002) found that in residential care
settings a substantial number of elderly susceptible to falling is
also at risk of poor nutritional health.
The primary aim of this study is to explore the relation between
malnutrition and fallers in Dutch LTC residents. Residential LTC
institutions in the Netherlands provide temporary or permanent
multidisciplinary treatment, guidance, support and nursing care
for elderly patients with long-term, complex health problems,
expressed primarily in functional disorders and handicaps.
Secondary, we will investigate the role of activity within this
relationship. Thirdly, we will investigate whether the relation
between nutritional status and fallers is affected by nutritional
intervention.
2. Design and methods
2.1. Design
This study is a secondary data analysis of the annual
independent National Prevalence Measurement of Care Problems
of Maastricht University (LPZ called; www.LPZ-UM.eu) in Dutch
healthcare. Yearly, more than 400 health care organizations
(hospitals, nursing homes, homes for the elderly, and home care
organizations) participate voluntarily in the LPZ measurement. It is
a cross-sectional, multi-center point prevalence and incidence
measurement. Patients are investigated regarding the prevalence
or incidence, prevention, and treatment of several health care
problems, e.g. pressure ulcers, incontinence, restraints, intertrigo,
falls and malnutrition. For this study we analyzed the Dutch
malnutrition and falls data of 2008 (Halfens et al., 2008).
2.2. Participants and settings
In 81 LTC settings in the Netherlands, 6828 residents
participated in the LPZ measurement regarding malnutrition
and falls. The following exclusion criteria were applied: residents
younger than 65 years, residents without complete data regarding
fall history and/or nutritional status.
2.3. Ethical considerations
Permission to conduct the study was obtained from the Medical
Ethics Committee at Maastricht University Medical Center
(MUMC). Prior to the data collection, oral or written informedconsent by residents, relatives or legal guardians in case of psycho
geriatric residents, preceded participation.
2.4. Instrument
The LPZ uses a standardized questionnaire to register amongst
others data of measured weight, height, number of diseases,
nutritional intake, undesired weight loss, nutritional interventions,
fall history, Braden scale (Ayello & Braden, 2002), and Care
Dependency Scale (CDS) (Dijkstra, Tiesinga, Platinga, Veltman, &
Dassen, 2005). The Braden activity-item was used to score the
amount of physical activity of the participants with the following
categories: (1) bedfast, (2) chairfast, (3) walks occasionally, and (4)
walks frequently. The CDS is a 15-item needs-assessment tool
using a 5-point Likert scale for scoring that determines the degree
of dependency of the patient, and therefore implies the degree of
care needed to help the person regain his or her own care.
Data on nutritional status were collected on April 1st 2008
(Halfens et al., 2008). At risk of malnutrition in elderly people (65
years and older) was deﬁned according to one of the two following
criteria: (1) body mass index (BMI) 21–23 kg/m2, or (2) no
nutritional intake for 3 days or reduced intake for more than 10
days. Malnutrition in this population was deﬁned according to one
of the three following criteria: (1) BMI  20 kg/m2, (2) uninten-
tional weight loss (6 kg in the last 6 months or 3 kg in the last
month), or (3) no nutritional intake for 3 days or reduced intake for
more than 10 days combined with a BMI of 21–23 kg/m2. The
operationalization of these deﬁnitions was tested positive for face
validity and criterion validity (Meijers, van Bokhorst-van der
Schueren, Schols, Soeters, & Halfens, 2009). Nutritional interven-
tions were deﬁned as receiving any of the following: an energy
(protein) enriched diet, energy enriched snacks provided between
meals, supplementary oral nutrition, enteral tube feeding, or
parenteral feeding.
A fall was deﬁned as ‘an event which causes the patient to come
unintentionally to the ground or some lower level, regardless of the
cause (Kellogg, 1987). Data on falls were prospectively registered
in fall records and collected for a period of 30 days in March 2008
(Halfens et al., 2008). In this study, we focused on fallers, which are
residents who fell at least once during that period. We did not take
into account the number of falls.
2.5. Data collection
In each participating LTC setting, a coordinator was responsi-
ble for the LPZ measurement. The coordinators were trained
collectively by the research group on how to manage the survey
within the organization, and how to use the printed standardized
questionnaire and the specially designed Internet data-entry
programme. The coordinators also received a protocol and
training package to support them in training their healthcare
professionals on the job who would perform the LPZ measurement
within their own setting. To achieve an objective judgment for
every patient, a team of two healthcare professionals, e.g. nurses,
dieticians, medical doctors and paramedics, one working on the
patient’s ward and the other working outside that ward, collected
all data.
2.6. Data analyses
Data were analyzed using the Statistical Package for Social
Science (SPSS) version 16 (SPSS Inc., Chicago, IL, USA).
Descriptive statistics were used to summarize the residents’
characteristics. Chi-square and t-test were used to describe the
differences between non-fallers and fallers regarding gender, age,
number of diseases, CDS, activity, and BMI. To assess the
Table 1
Characteristics of non-fallers and fallers.
Non-fallers
(n = 6043)
Fallers
(n = 658)
p-Value
Gender, % women 73.8% 68.5% <0.01
Age in years (SD) 83.7 (7.07) 84.0 (6.97) 0.369
Number of diseases (mean) 2.4 2.5 <0.01
CDS (%) <0.01
Completely dependent 21.3% 18.1%
To a great extent dependent 24.3% 34.5%
Partially dependent 17.4% 22.5%
To a great extent independent 15.6% 14.1%
Completely independent 21.4% 10.8%
Activity (Braden scale) (%) <0.01
Bedfast 3.5% 1.4%
Chairfast 31.4% 18.7%
Walks occasionally 18.7% 32.6%
Walks frequently 46.4% 47.2%
BMI in kg/m2 (SD) 25.6 (6.22) 24.5 (5.39) <0.01
Fall ers (%)
0
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bedfast chairfast walks occasionall y walks  frequently
no risk at  risk malnourished
Fig. 1. Relationship between nutritional status (no risk of malnutrition, at risk of
malnutrition, and malnourished), activity (bedfast, chairfast, walks occasionally,
and walks frequently) and fallers in Dutch LTC residents (n = 658).
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multivariate logistic regression analyses were used.
Three univariate analyses were carried out to study the
univariate associations between nutritional status, activity and
fallers.
The ﬁrst univariate analysis studied the association between
nutritional status and fallers. Being a faller (yes or no) was used as
the dependent variable. As independent variable, two dummy
variables indicating the nutritional status (no risk of malnutrition,
at risk of malnutrition, and malnourished) were used, with no risk
of malnutrition as the reference category.
The second univariate analysis studied the association between
nutritional status and activity. Activity (inactive, i.c. bedfast or
chairfast, and active, i.c. walks occasionally or walks frequently)
was used as the dependent variable. As independent variable, two
dummy variables indicating the nutritional status (no risk of
malnutrition, at risk of malnutrition, and malnourished) were
used, with no risk of malnutrition as the reference category.
The third univariate analysis studied the association between
activity and fallers. Being a faller (yes or no) was used as the
dependent variable. As independent variable, three dummy
variables indicating activity (bedfast, chairfast, walks occasionally,
and walks frequently) were used, with bedfast as the reference
category.
Two multivariate analyses were carried out. Resident char-
acteristics, i.c. gender, number of diseases, care dependency,
activity, and BMI were checked for confounding factors by adding
them sequentially into the multi varied model.
The ﬁrst multivariate analysis was carried out to check whether
a possible relation between nutritional status and fallers depends
on activity. The interaction of activity with nutritional status was
added into the model. Activity was dichotomized into ‘‘bedfast or
chairfast’’ (the inactive group) and ‘‘walks occasionally or walks
frequently’’ (the active group).
The second multivariate analysis was to check whether the
relation between nutritional status and fallers is affected by
nutritional intervention, without taking into account the type of
nutritional intervention.
In all analyses we used 95% conﬁdence intervals (CIs); p-values
smaller than 0.05 level were considered signiﬁcant.
3. Results
3.1. Participants
Out of 6828 participants, data of 6701 residents were available
from 81 LTC institutions. Due to incomplete data, 127 residents
were excluded.
3.2. Descriptive characteristics of non-fallers and fallers
In the total group of 6701 residents, the prevalence of residents
at risk of malnutrition or malnourished was respectively 31.2% and
22.8%. Regarding fallers, 9.8% of the residents sustained at least one
fall. Table 1 shows the characteristics of non-fallers and fallers.
Fallers are more often male, have more diseases, and are less care
dependent than non-fallers.
Fig. 1 shows that the majority of the fallers is not only more
active (walks occasionally or walks frequently) but is also
malnourished.
3.3. Univariate analyses
3.3.1. Relationship between nutritional status and fallers
In Table 2a, univariate analysis shows that the odds of being a
faller are signiﬁcantly higher in the malnourished group comparedto no risk of malnutrition. This means that malnourished LTC
residents are signiﬁcantly more often a faller than residents in the
no risk of malnutrition group.
3.3.2. Relationship between nutritional status and activity
In Table 2b, univariate analysis shows that the odds of being
bedfast or chairfast are signiﬁcantly higher in the malnourished
group compared to no risk of malnutrition. This means that
malnourished LTC residents are signiﬁcant less active than
residents in the no risk of malnutrition group.
3.3.3. Relationship between activity and fallers
In Table 2c, univariate analysis shows that the odds of being a
faller are signiﬁcantly higher in the group that walks occasionally
and in the group that walks frequently compared to bedfast. This
means that LTC residents who walk occasionally or frequently are
signiﬁcantly more often a faller, and most in the group that walks
occasionally.
3.4. Multivariate analyses
Signiﬁcant differences in resident’s characteristics, i.c. gender,
number of diseases, care dependency, physical activity, and BMI
were checked for confounding by adding them sequentially into
the multi varied model but none of them appeared to be an effect
modiﬁcator.
3.4.1. Relationships between nutritional status, activity, and fallers
In Table 3, multivariate logistic regression analyses conﬁrmed
the relation between nutritional status and fallers but no effect-
modiﬁcation for activity was found (p = 0.222) indicating that the
Table 2
Univariate relationships.
(a) Univariate relationship between nutritional status and fallers in Dutch
LTC residents
Nutritional status (n = 6701) OR fallers 95% CI p-Value
No risk of malnutrition 1.000
At risk of malnutrition 1.186 0.977–1.441 0.084
Malnourished 1.718 1.413–2.091 <0.01
(b) Univariate relationship between nutritional status and activity (inactive
vs. active) in Dutch LTC residents
Nutritional status (n = 6701) OR activity 95% CI p-Value
No risk of malnutrition 1.000
At risk of malnutrition 1.084 0.959–1.224 0.195
Malnourished 1.699 1.492–1.933 <0.01
(c) Univariate relationship between activity and fallers in Dutch LTC
residents
Activity (n = 6701) OR fallers 95% CI p-Value
Bedfast 1.000
Chairfast 1.476 0.738–2.952 0.270
Walks occasionally 4.306 2.173–8.532 <0.01
Walks frequently 2.519 1.278–4.962 <0.01
Fallers (%)
0
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Fig. 2. Relationship between nutritional status (at risk of malnutrition, and
malnourished), nutritional intervention (yes or no), and fallers in Dutch LTC
residents (n = 658).
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nutritional status and fallers.
Looking speciﬁcally at the active group, i.c. those LTC residents
who walk occasionally or frequently, the relation between
nutritional status and fallers was also not interfered by activity
(no effect modiﬁcation; p = 0.272).
3.4.2. Relationships between nutritional status (at risk of malnutrition
or malnourished), nutritional intervention, and fallers
Multivariate logistic regression analysis shows no effect-
modiﬁcation of nutritional intervention on the relation between
nutritional status and fallers in LTC residents at risk of malnutrition
or malnourished (p = 0.277). This indicates that the relation
between nutritional status and fallers is similar for those residents
who received nutritional intervention and those who did not
receive any nutritional intervention. However, looking at this
relation in the group at risk of malnutrition and the malnourished
group separately, Fig. 2 shows a lower rate of fallers, speciﬁcally in
the malnourished group (OR 0.738, 95% CI: 0.541–1.007, p = 0.056).
4. Discussion
Although various risk factors for falls have been identiﬁed,
including muscle weakness and physical activity (AGS et al., 2001),
an impaired nutritional status is seldom indicated as a risk factor.
The present study therefore explored the relationship between
nutritional status and fallers in elderly LTC residents. The
secondary data analysis conﬁrms that a relationship exists: the
risk of being a faller is higher when there is an impaired nutritionalTable 3
Multivariate relationships between nutritional status, activity (inactive, i.c. bedfast
or chairfast vs. active, i.c. walks occasionally or walks frequently), and fallers.
OR fallers 95% CI p-Value
Bedfast, chairfast
No risk of malnutrition 1.000
At risk of malnutrition 1.153 0.923–1.440 0.210
Malnourished 2.022 1.611–2.538 <0.01
Walks occasionally, walks frequently
No risk of malnutrition 1.000
At risk of malnutrition 1.337 0.859–2.081 0.199
Malnourished 1.519 0.985–2.344 0.056status, and malnutrition can be considered as a determinant for
being a faller in this population. Therefore our study provides
further evidence for the increased propensity to fall with
malnutrition, which was hypothesized in sparse previous pub-
lications (Daniels, 2002; Vellas et al., 1990, 1992).
Besides a relationship between nutritional status and fallers, a
relationship between nutritional status and physical activity was
observed as well: malnourished residents are signiﬁcantly more
often bedfast or chairfast. Furthermore, we found a relationship
between physical activity and fallers: residents who walk
occasionally or frequently are signiﬁcantly more often a faller.
Overall, malnourished LTC residents are in general: (1) more prone
to be a faller and (2) less active. However, we also observed that the
rate of fallers is higher among the relatively active LTC residents. As
these observations seem contradictory, we also investigated the
role of activity in the relationship between nutritional status and
fallers. From this analysis it appeared that in both the active and
the inactive group, malnutrition is related to fallers in LTC settings.
When speciﬁcally looking at the residents who walked occasion-
ally or frequently, the fall rate was higher in those who walked
occasionally and highest when concomitantly also malnourished.
A plausible explanation for the observations with regard to activity
may be that the activity-item of the Braden scale provides rather a
rough classiﬁcation of (in)activity and lacks sensitivity in detecting
small differences in the activity level of LTC residents. It is also not
surprising that increased activity, as seen in the categories
occasionally walking and frequently walking, increases the
occasions where a fall can occur compared with the categories
bedfast and chairfast (Bueno-Cavanillas, Padilla-Ruiz, Jimenez-
Moleon, Peinado-Alonso, & Galvez-Vargas, 2000; Graafmans et al.,
1996; Halfens, Meijers, Neyens, & Offermans, 2007; Halfens et al.,
2008, 2010; Halfens, Meijers, Neyens, & Schols, 2009; Kiely, Kiel,
Burrows, & Lipsitz, 1998). Therefore, further research is warranted
on this issue and measurement of actual physical activity is
preferred.
Finally, the inﬂuence of nutritional intervention on the relation
between nutritional status and fallers was investigated. Speciﬁ-
cally in malnourished residents, the results suggest a positive
effect of nutritional intervention on the risk of being a faller. This
strengthens the observed relationship between nutritional status
and fallers. However, future prospective research is essential to
further substantiate this ﬁnding among LTC residents and to gain a
better understanding of the potential beneﬁcial role of nutritional
intervention and speciﬁc nutritional components in falls preven-
tion. At present, few data regarding fall-related nutritional
intervention are available, and only vitamin D supplementation
has been shown effective in reducing the rate of falls in nursing
care facilities (Cameron et al., 2010).
There are also some limitations of the present study that need to
be mentioned. First, a particular difﬁculty with cross-sectional
studies focusing on relationships is the fact that causality cannot
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studies. Second, the measurements of nutritional status and falls
are respectively a prevalence measurement and an incidence
measurement. Therefore, falls may have occurred before measur-
ing the nutritional status. However, in general the nutritional
status of LTC residents is relative stable and does not change
overnight. Third, we did not take into account the number of falls.
Therefore, we cannot report on recurrent fallers. Fourth, regarding
potential positive effects of nutritional intervention on the rate of
fallers, the study design did not allow to look into the type and
speciﬁcation of the nutritional intervention. This will be explored
in future research.
Despite these limitations, we can conclude that our study
clearly shows an association between malnutrition and an
increased risk of being a faller, which is supported by the
suggested effect of nutritional intervention in reducing this risk.
Moreover, we observed a relation between malnutrition and
impaired activity. While the latter was not an effect modiﬁcator in
the relationship between nutritional status and fallers, a speciﬁc
physical activity measurement is needed to further explore its role.
Our ﬁnding on the importance of malnutrition for the risk of falling
can also be relevant for fall prevention in daily practice, since frail
elderly LTC residents are all at risk of falling (Bueno-Cavanillas
et al., 2000; CBO, 2004; Graafmans et al., 1996; Halfens et al., 2007,
2008, 2009, 2010; Kiely et al., 1998; Neyens, 2007) and of
malnutrition (Meijers, 2009). Therefore, these ﬁndings at least
stress the importance of adequate nutritional care in frail elderly
people with regard to: (a) physical activity, (b) nutritional health,
and (c) the potential as a falls prevention strategy. Implementing
nutritional screening and nutritional interventions in existing fall
prevention programmes (Cameron et al., 2010; Neyens et al.,
2011), which are often primarily focused on exercise interventions,
may strengthen the positive effects of these programmes. Future
prospective research is essential to further substantiate our
ﬁndings and to study the effect of combined nutritional therapy
and exercise therapy.
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